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Abstract 
Rail level crossings are designed to promote safety at road-rail interfaces, but also create the 
opportunity for conflicts between the two modes of transport.  These conflicts mainly occur due to the 
decisions of road users and represent a significant safety risk. Comparatively little is known about 
causes of risk-taking behaviour specific to remote locations or regions where the crossings are 
frequented by predominantly long road vehicles with extremely heavy loads, such as mining and 
resources traffic. The trains operating in these areas can be up to 3.2 km in length, meaning they can 
take a very long time to pass through a crossing. In these environments, people must adapt to a very 
different mode of rail level crossing use than in less remote locations. 
 
The current approach to improve safety at road-rail intersections in Australia is to upgrade level 
crossings with a full complement of active and automatic protection, including boom barriers, flashing 
lights, bells, and advanced warning signals. However, crashes still occur despite the active protection 
being operational. The Pilbara region of Western Australia is an example of a remote location with 
intense mining and resources traffic, and given the abundance of rail operations, numerous level 
crossings. Anecdotal evidence suggests that level crossing strikes and near misses are a particular 
safety concern in this region. Given the significance of the Pilbara region to Australia’s economy, 
problems with flow of traffic may hinder opportunities for continued growth given aspirations for 
increased reliability and automation of service delivery. Determining the causes of collisions at level 
crossings in this region is the focus of a mixed-methodological investigation, with the aim of providing 
potential controls that may reduce or mitigate these occurrences. This paper describes the research 
approach being taken and outlines preliminary trends emerging from the first phase of the research. 
1 INTRODUCTION 
Recent human factors research at active level 
crossings in urban centres has revealed that 
congestion leading to frustration [1] and ‘short-
stacking’ across rail lines due to misjudging 
space [1,2] are common causes for rule-
violations. However neither of these would 
seem to apply in the spacious and sparsely 
populated Pilbara. More general causes of 
road-rail accidents and near misses such as 
poor visibility of trains or crossings, inattention, 
lack of knowledge and misjudgement of train 
speed are more applicable in this location [3]. 
Despite this general knowledge, specific 
causes of risk-taking behaviour in a remote 
road environment with a large proportion of 
heavy vehicle traffic intersecting with a heavy-
haul dominated rail system have yet to be 
explored. 
 
Although many passive level crossings along 
major Pilbara thoroughfares have been 
upgraded to active protection, these still 
appear to be the locations where most 
incidents occur. In addition to the potential 
tragic social costs of each of these incidents, 
there are numerous financial costs: stock and 
infrastructure repair, delayed goods, incident 
investigations and so on. Even near misses 
have impacts on driver wellbeing, in addition to 
the timely delivery of goods, train maintenance 
and fuel usage. 
 
With that in mind, the research question that 
this paper addresses is: What is the ideal 
methodological approach to find means of 
tackling high-risk and accident-causing 
behaviour at level crossings in a remote 
location with heavy mining and resources 
traffic? There are three specific objectives 
associated with this research question, as 
follows: 
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1. Determine a suitable method to 
analyse existing incident data to 
determine contributing factors and 
specific locations where site 
examinations might be beneficial. 
2. Develop a classification methodology 
and data capture tool to allow objective 
profiling of users and behaviours at 
remote level crossings. 
3. Investigate additional methods and 
analysis techniques to better 
understand incident causation with the 
end goal of recommending controls to 
minimise risk. 
The goal of this paper is present the approach 
taken to answer the research question as it 
applies to a recently endorsed project to tackle 
the problem of unsafe road user behaviour at 
level crossings in the Pilbara region. 
2 PROJECT PLAN 
Figure 1 shows the broad plan for the 
overarching study including all of the various 
phases. This paper focuses on the two parts of 
Phase 1, the observational components of 
Phase 2, and provides a brief overview of the 
rest of the project, as this phase will depend 
heavily on the success of the methods and the 
results generated in the first two phases of the 
project. 
3 INCIDENT ANALYSIS 
The incident analysis phase of the research 
seeks to develop an understanding of the 
frequency, types of incidents and common 
factors of railroad accidents and near misses in 
the Pilbara. Particular care will be taken to 
identify any differences between the area of 
interest and the broader Australian context. 
Incident analysis will also be used as the basis 
of an empirically informed approach to 
selecting sites for further observation and 
analysis. 
 
The source of the historical record of incidents 
in the area is data on accidents and near 
misses gathered by three of the major mining 
companies operating in the Pilbara region, who 
represent key participants on this project. They 
are: FMG, BHP Billiton and Rio Tinto. Having 
three different sources of data broadens the 
research significantly, but also introduces its 
own set of problems. Each company has 
different thresholds of incidents that they 
report, different incident reporting systems and 
processes, and record different data about 
each case. Compounding this level of diversity 
is that even for the companies involved, the 
amount of information available differs in each 
occasion; CCTV or witness statements may or 
may not be available or a detailed description 
of the incident (sufficient for human factors-
based research of the issue) may not have 
been submitted. Despite these issues, large 
amounts of data are captured with the 
following information from reports providing the 
most potential for investigation: date and time, 
location, type of vehicle(s) involved, damage 
caused and type of infringement committed, if 
any, and inferred intention.  
 
 
Figure 1: Overview of the project plan 
Supplementing this database is information 
sourced from ALCAM, the Australia Level 
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Crossing Assessment Model, which provides 
data specific to each level crossing, including 
road and rail traffic volumes as well as the 
protection and safety measures present. 
 
The accumulated data will be statistically 
analysed to determine causal factors and 
relationships between factors in incidents. 
Additionally GIS software will be used to detect 
geographic factors in the incidents and visually 
identify locations of interest for Phase 2. The 
basis for such analysis is shown in Figure 2, 
below: the locations of many Rio Tinto level 
crossings. Once data such as incident 
numbers and levels of protection for those 
road-rail interfaces are known, analysis can 
commence. This process has its difficulties; the 
intersection of multiple data sets from 
participants, ALCAM and mapping companies 
is likely to result in gaps in the final data, 
therefore intuitive data triangulation methods 
will be required. 
 
Figure 2: Rail level crossings in the North-West Pilbara 
4 STRUCTURED OBSERVATIONS 
Phase 2 endeavours to add contextual 
knowledge of causes and motivations as well 
as capturing data on the users of the road-rail 
interface, performing this task also provides 
the researchers with first-hand knowledge of 
the environment in question. Although Phase 2 
includes qualitative methods such as 
interviews, this paper focuses on the structured 
site observations.   
 
The sites selected for visits during Phase 2 will 
have relatively high traffic and numbers of 
incidents. They will also showcase different 
site characteristics, for example two inland and 
two coastal sites might be visited, with at least 
two of the mining companies represented. 
Suitable sites will be selected based on the 
data collected in Phase 1, which includes initial 
site visits in various locations to familiarise with 
the level crossings and importantly, test and 
further refine the classification methodology.  
 
In order to easily and logically capture 
meaningful data from the site observations in 
Phase 2, a classification that identifies sources 
of risks and level of exposure is required. This 
is an important part of the project and a key 
step that will underpin the design of 
prospective controls. To enable this, a 
systematic decision-making process has been 
developed and an overview of the logic 
process and tool to be integrated into the 
classification is shown in Figure 3. The process 
identifies the dimensions that would need to be 
considered for the classification, and allows the 
capture of objective data concerning the state 
of the level crossing, the train, the road user, 
their actions and their perceived intentions. It 
also differentiates between data that should be 
able to be gathered from every road user and 
that which may not be discernible by passive 
observers (i.e. the researchers). To minimise 
workload, the decision-making tool is to be 
applied sequentially in order to capture only 
necessary data in the order it becomes 
apparent.  In order to capture all the data, the 
research team will use equipment such as 
speed guns and stopwatches. 
5 INITIAL ANALYSIS: DATA TRENDS 
Some key trends from the initial analysis of 
current incomplete Phase 1 data are presented 
here with some insight into the various 
underpinning human factors dimensions. As 
these are speculative at this point, they may be 
subject to change.  
 
Heavy vehicles appear to be involved in far 
more incidents than their numbers would 
suggest that they should be. This could be the 
natural consequence of having less effective 
braking and acceleration than light vehicles, 
however, it may also be a consequence of goal 
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Figure 3: Phase 2 data capture process 
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striving associated with the performance 
pressures facing this level crossing user driver 
population. The prevalence of such vehicles, 
coupled with their increased incident rates 
reinforces the view that the Pilbara is a very 
different environment to where most level 
crossing research has occurred and will 
require suitably tailored solutions. 
 
There are some distinct incident hotspots in 
the Pilbara, for example one location had 26 
reported incidents over a period of less than 
four years, although no road-rail collisions 
were reported. Due to the nature of the data 
available, it is unknown whether such locations 
are actually outliers in terms of incidents or 
whether the relatively minor incidents that 
make up the majority of these cases were just 
not captured or reported at other locations. 
 
The majority of reported incidents are at active 
level crossings, though it is unknown whether 
this is proportional to their extra use. Related 
to this is the fact that a large number of the 
transgressions that occur are in direct violation 
of visible signals, for example people driving 
around the boom gates. 
6 FUTURE RESEARCH 
Further research will begin with Phase 2 of this 
project. While the specifics of this research 
depend on Phase 1, Phase 2 will use different 
methods to gain a better understanding of the 
risk-taking behaviours of motorists in the area, 
and the reasons why these behaviours occur. 
The primary method of assessing this will be 
semi structured one-on-one interviews with 
members of different user groups including 
heavy vehicle drivers, traffic police, train 
drivers and local residents. This will be 
reinforced by data gathered from larger 
populations using methods such as surveys 
and focus group discussions. Additionally, this 
research will involve detailed site assessments 
including, but not limited to: line of sight 
assessments, the characteristics and 
effectiveness of existing safety measures and 
an assessment of the road condition and 
markings. This will further the understanding of 
dangers specific to the area like and provide 
information to assist in developing questions 
for the interviews.  
 
Beyond this, there will be renewed analysis of 
the data gathered in the two parts of Phase 1 
as it is triangulated with that gathered in Phase 
2. Ideally this will lead to new forms of crossing 
controls which will need to be trialled and 
assessed in relevant environments. 
7  CONCLUSIONS 
This paper has presented a methodological 
approach to investigating high-risk and 
accident-causing behaviour at railroad 
interfaces in the Pilbara. The approach 
presented here involves mixed-methods 
research including data compilation and 
analysis, observational site visits and 
interviews.  
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